Chiayiivirga flava gen. nov., sp. nov., a novel bacterium of the family Xanthomonadaceae isolated from an agricultural soil, and emended description of the genus Dokdonella Department of Biotechnology, National Formosa University, Taiwan, ROC
The family Xanthomonadaceae, affiliated to the class Gammaproteobacteria, accommodates the following 23 genera at the time of writing: Xanthomonas (the type genus) (Van den Mooter & Swings, 1990) , Frateuria , Fulvimonas (Mergaert et al., 2002) , Luteimonas, Pseudoxanthomonas (Finkmann et al., 2000) , Lysobacter (Christensen & Cook, 1978) , Nevskia (Famintzin, 1892) , Rhodanobacter (Nalin et al., 1999) , Schineria (Tó th et al., 2001 ; this name has been replaced by Ignatzschineria by Tó th et al., 2007) , Stenotrophomonas (Palleroni & Bradbury, 1993) , Thermomonas (Busse et al., 2002) , Xylella (Wells et al., 1987) , Aquimonas (Saha et al., 2005) , Arenimonas (Kwon et al., 2007) , Aspromonas (Jin et al., 2007) , Dokdonella (Yoon et al., 2006) , Dyella (Xie & Yokota, 2005) , Luteibacter (Johansen et al., 2005) , Panacagrimonas (Im et al., 2010) , Pseudofulvimonas (Kämpfer et al., 2010) , Rudaea , Silanimonas (Lee et al., 2005) and Wohlfahrtiimonas (Tó th et al., 2008) . The family consists of Gram-reaction-negative, catalase-positive, rod-shaped bacteria that are negative for nitrate reduction (with the exception of Stenotrophomonas) and show variable oxidase activity. Members of the Xanthomonadaceae usually possess complex fatty acid profiles that include branched-chain and/ or hydroxy fatty acids and contain ubiquinone Q-8 as the predominant isoprenoid quinone . Members of the family Xanthomonadaceae are known to have remarkable metabolic potential (Finkmann et al., 2000; Mergaert et al., 2002; Nalin et al., 1999) , and have been isolated from both environmental and clinical samples (Drancourt et al., 1997; Hauben et al., 1999; Swings et al., 1980; Wells et al., 1987) . Here, we describe the polyphasic taxonomic characterization (Vandamme et al., 1996) of a novel strain, CC-YHH031 T , affiliated to the family Xanthomonadaceae.
While exploring cultivable aerobic bacterial communities in agricultural soils, we isolated strain CC-YHH031
T from Chi-Ko branch farm (23 u 349 56.350 N 120 u 249 15.990 E) of Chiayi Agricultural Research Institute, located in southern Taiwan. The strain was isolated by a standard dilution-to-extinction plating method on nitrogen-free agar (Reinhold et al., 1987) and routinely cultured by using nutrient agar (NA; Himedia) for 72 h, unless specified otherwise.
The Gram reaction of strain CC-YHH031
T was determined according to Murray et al. (1994) . For scanning electron microscopy, 50-200 ml culture sample was placed on a Millipore filter (0.22 mm) and fixed with 2.5 % (v/v) glutaraldehyde in 0.1 M phosphate buffer (pH 7.2) for 2 h. The filter was then rinsed three times with phosphate buffer, dehydrated in a graded series of ethanol and critical-point-dried. This filter was subsequently coated with gold-palladium and observed under a field emission scanning electron microscope (JEOL JSM-7401F). Cells of strain CC-YHH031
T were Gram-reaction-negative, nonmotile, aerobic and slightly curved rods without flagella. Cells were 2.0-2.2 mm long and 0.3 mm in diameter (Fig.  S1 , available in IJSEM Online).
Physiological tests were performed according to Lin et al. (2009) . The pH range for growth was determined in nutrient broth (NB; Himedia), which was adjusted to pH 3.0-11.0 (at intervals of 1.0 pH units) using appropriate biological buffers prior to sterilization (Ferreira et al., 1997) . Salt tolerance was tested using NB supplemented with NaCl (0-5 %; 1 % increments) at 30 u C. Endocellulolytic activity was detected on medium containing 1 % CM-cellulose, as described by Mandels & Reese (1960) . Haemolytic activity was determined by using sheep-blood agar (CMP). The carbon source utilization pattern was investigated by using Biolog GN2 (Oxoid) and acid production from 49 carbohydrates was tested by using API 50CH strips (bioMérieux). Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin and assimilation of 12 substrates were tested with API 20 NE strips (bioMérieux). Activities of various enzymes were detected by using the API ZYM system (bioMérieux). Catalase activity was determined by assessing bubble production by the cells using 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine (bioMérieux). The optimal temperature for growth was 30 u C. The optimum pH for growth was approximately 7.0 (range pH 6.0-8.0). The organism grew well in media containing 0-2.0 % NaCl, but did not grow in media containing ¢3.0 % NaCl. N-acetylglucosamine assimilation was present in its closest phylogenetic relatives, but absent in strain CC-YHH031
T . Acid was produced from starch by strain CC-YHH031
T , but not by its closest phylogenetic relatives. Morphological, physiological and biochemical characteristics that distinguished strain CC-YHH031
T from its phylogenetic neighbours are given in Table 1 .
Genomic DNA (gDNA) was extracted by using an UltraClean Microbial DNA Isolation kit (MoBio Laboratories). The 16S rRNA gene sequence of strain CC-YHH031
T was amplified from the gDNA by PCR (ABI 9700) with the oligonucleotide primers 1F (59-GAGTTT-GATCATGGCTCAG-39) and 9R (59-AAGGAGGTGAT-CCAACCGCA-39), which are complementary to conserved regions of the 16S rRNA gene of Escherichia coli (Brosius et al., 1978; Edwards et al., 1989) . The PCR product was purified by using the QIAquick Gel Extraction kit (Qiagen) and sequenced as described by Young et al. (2005) . The 16S rRNA gene sequence was analysed by using the BLAST program of EzTaxon-e (Kim et al., 2012) and the NCBI (National Center for Biotechnology Information, http:// www.ncbi.nml.nih.gov). Sequence comparison and analyses were made using the CLUSTAL X program (version 1.83) (Thompson et al., 1997) . Phylogenetic trees based on 16S rRNA gene sequences were reconstructed according to the neighbour-joining (NJ; Saitou & Nei, 1987 ), maximum-parsimony (Fitch, 1971 and maximum-likelihood (Felsenstein, 1981) methods by using the MEGA 4 software (Tamura et al., 2007) and the robustness of the tree topology was evaluated by bootstrap resampling analysis (Felsenstein, 1985) of 1000 replicates. NJ phylogenetic distances were computed using Kimura's two-parameter model (Kimura, 1980) . The pairwise distance matrix was derived by using the Jukes-Cantor method (Jukes & Cantor, 1969) . The 16S rRNA gene sequence of strain CC-YHH031
T was a continuous stretch of 1522 bp (positions 9-1532 according to the E. coli numbering system). Strain CC-YHH031
T exhibited the highest level of 16S rRNA gene sequence similarity to Dokdonella soli DSM 23099 T and Dokdonella fugitiva LMG 23001 T (95.2 %), followed by Dokdonella koreensis DSM 17203 T (type species of the genus Dokdonella; 94. (Li et al., 2013) ; the strain showed ,93.5 % 16S rRNA gene sequence similarity to other members of the family Xanthomonadaceae. Altogether, the 16S rRNA gene sequence similarity values obtained were ,97 %; therefore, DNA-DNA hybridization studies are not mandatory (Stackebrandt & Goebel, 1994) . The similarity levels also suggested that the strains concerned are not related at the species level. Interestingly, in the NJ phylogenetic tree based on 16S rRNA gene sequences, strain CC-YHH031 T formed a distinct phyletic lineage distantly associated with members of the genera Dokdonella and Aquimonas with bootstrap resampling values of 75 and 74 %, respectively (Fig. 1) . The mean Jukes-Cantor-corrected dissimilarity values (% phylogenetic distance) between CC-YHH031 T and the type species of the closely related genera Dokdonella (5.31 %), Aquimonas (5.39 %) and Dyella (7.09 %) were more than those observed between species of the genera Dokdonella (2.55-4.80 %), Aquimonas (0; single species) and Dyella (1.79-2.93 %) with validly published names (Table S1 ). The phylogenetic data and dissimilarity matrix strongly support the classification of strain CC-YHH031
T as a member of a new genus.
The DNA G+C content was determined by reversed-phase HPLC after a gDNA sample was degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The gDNA G+C content of strain CC-YHH031 T was 68.6±0.7 mol%, in line with the reported values for the genera Dokdonella Chiayiivirga flava gen. nov., sp. nov.
Aquimonas (75 mol%; Saha et al., 2005) , supporting the close phylogenetic neighbourhood of these isolates.
Isoprenoid quinones were purified by the methods outlined by Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . The predominant respiratory quinone detected in strain CC-YHH031 T was ubiquinone Q-8, which is commonly found in members of the family Xanthomonadaceae (Sadler & Bradbury, 2005) .
The cellular fatty acids were saponified, methylated and extracted from strain CC-YHH031
T as well as from reference strains of the genus Dokdonella, which were grown on R2A (BD Difco) agar for 3 days at 30 u C; all bacterial samples for analysis were harvested during the mid-exponential growth phase. The standard protocol of the Sherlock Microbial Identification System (MIDI) was followed for extraction. The fatty acids were analysed by GC (Agilent 7890A) and compared by using the MIDI Aerobe (RTSBA6) database. The cellular fatty acid profiles of strain CC-YHH031 T and closely related members of the genus Dokdonella are given in Tables 1 and S2 . The major fatty acids (.5 % of total fatty acids) of strain CC-YHH031 T were iso-C 16 : 0 (24.2 %), iso-C 15 : 0 (19.8 %), C 16 : 1 v7c and/or C 16 : 1 v6c (summed feature 3; 12.3 %), iso-C 17 : 1 v9c (5.7 %), iso-C 14 : 0 (5.3 %), iso-C 11 : 0 (4.9 %) and iso-C 11 : 0 3-OH (4.9 %) (Table S2) . Strain CC-YHH031 T was distinguished particularly from Dokdonella koreensis DSM 17203
T by the presence of major amounts of iso-C 14 : 0 and summed feature 3 and significantly smaller amounts of iso-C 17 : 0 and also by the complete absence of anteiso-C 17 : 0 . Interestingly, the fatty acid profiles of Dokdonella fugitiva LMG 23001 T and Dokdonella soli DSM 23099
T also appeared distinct when compared with Dokdonella koreensis DSM 17203 T , as they lacked anteiso-C 17 : 0 completely and possessed relatively smaller amounts of C 16 : 0 . Genus-level comparisons of cellular fatty acid data are given in 
Erwinia herbicola NCPPB 2971 T (U80202) Fig. 1 . NJ phylogenetic analysis of strain CC-YHH031 T and closely related species of the Xanthomonadaceae based on 16S rRNA gene sequences by using Kimura's two-parameter distance algorithm. GenBank accession numbers are shown in parentheses. Bootstrap values (expressed as percentages of 1000 replications) .70 % are shown at branching points. The type species of the corresponding genera are indicated by asterisks (*). Erwinia herbicola NCPPB 2971 T was used as an outgroup. Filled triangles, squares and circles respectively indicate that the corresponding nodes were also recovered in trees generated based on the maximum-likelihood or maximum-parsimony algorithm or with both algorithms, having bootstrap values .70 %. Bar, 2 % sequence divergence.
Y.-H. Hsu and others presence of iso-C 14 : 0 and summed feature 3 as major fatty acids in the former (Table S3) . Furthermore, it is noteworthy that strain CC-YHH031
T alone possessed iso-C 14 : 0 as one of the major fatty acids and lacked iso-C 17 : 0 in major amounts when compared with members of related genera within the family Xanthomonadaceae. Taken together, strain CC-YHH031
T clearly differed from all selected members of the family Xanthomonadaceae in general, and from the type species of the genera Dokdonella and Aquimonas in particular.
Polar lipids were extracted and analysed via two-dimensional TLC by spraying the TLC plates with appropriate detection reagents (Minnikin et al., 1984) . The results of two-dimensional TLC showing the polar lipid compositions of CC-YHH031
T and closely related species of the genus Dokdonella are shown in Fig. 2 . The polar lipid profile of CC-YHH031
T constituted phosphatidylethanolamine (PE), phosphatidylmonomethylethanolamine (PME), diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), two unidentified aminophospholipids (APL1-2) and four unidentified phospholipids (PL1-4). Glycolipids were completely absent (Fig. 2) . Strain CC-YHH031
T appeared distinct from Dokdonella koreensis DSM 17203 T in the exclusive presence of PL1-3 and APL1-2 and the complete absence of APL3 in the former. It is noteworthy that Dokdonella fugitiva LMG 23001 T and Dokdonella soli DSM 23099 T also showed significant differences in their polar lipid compositions compared with CC-YHH031 T and Dokdonella koreensis DSM 17203 T . Thus, our combined polar lipid and fatty acid data not only substantiate the unequivocal taxonomic segregation of strain CC-YHH031 T from the genus Dokdonella, but also offer evidence for a heterogeneous distribution of polar lipids as well as fatty acids within some of the established members of the genus Dokdonella.
Polyamines were extracted as described by Scherer & Kneifel (1983) and analysed by one-dimensional TLC and reversedphase HPLC according to Lin et al. (2012) . The polyamines identified in strain CC-YHH031
T and reference strains are given in Table 1 (Auling et al., 1991) , Stenotrophomonas maltophilia DSM 50170 T (Auling et al., 1991) , Thermomonas haemolytica DSM 13599 T (Busse et al., 2002) and Pseudofulvimonas gallinarii Sa15
T (Kämpfer et al., 2010) . Members of the family Xanthomonadaceae can synthesize polyamines such as spermidine, spermine, putrescine, cadaverine and agmatine (Auling et al., 1991; Yang et al., 1993; Busse et al., 2002; Hamana et al., 2003 Hamana et al., , 2006 Young et al., 2007; Kämpfer et al., 2010) . In particular, spermidine has been identified as a major polyamine in members of the family Xanthomonadaceae except for members of the genera Stenotrophomonas and Dyella, which produce cadaverine in significant amounts in addition to spermidine (Yang et al., 1993; Auling et al., 1991; Hamana et al., 2003 Hamana et al., , 2006 . Hence, the present polyamine data clearly support the classification of CC-YHH031
T as a distinct member of the family Xanthomonadaceae.
Thus, based on distinguishing polar lipid, fatty acid and polyamine compositions accompanied by additional distinct genotypic, phylogenetic, morphological and biochemical features, it is reasonable to classify CC-YHH031
T as a member of a novel genus and species in the family Xanthomonadaceae, for which we propose the name Chiayiivirga flava gen. nov., sp. nov. Yoon et al. 2006 emend. Li et al. 2013 The description given by Yoon et al. (2006) and amended by Li et al. (2013) stands correct except for the following further amendments. Strains show variable catalase and oxidase activities. All are positive for gelatinase and negative for urease activity, indole production and Dglucose acidification. The major fatty acids (.5 %) in the type species are C 16 : 0 , iso-C 15 : 0 , iso-C 16 : 0 , iso-C 17 : 0 , anteiso-C 17 : 0 , iso-C 17 : 1 v9c and iso-C 11 : 0 3-OH. Polar lipids in the type species are DPG, PG, PME, PE, one unidentified phospholipid and two unidentified aminophospholipids. The major polyamine is spermidine.
Emended description of the genus Dokdonella
Description of Chiayiivirga gen. nov.
Chiayiivirga (Chi.a.yi.i.vir9ga. N.L. n. Chiayium Chiayi, a city in Taiwan, from where the type strain of the type species was isolated; L. fem. n. virga stick; N.L. fem. n. Chiayiivirga stick of Chiayi; a rod-shaped bacterium from Chiayi city).
Cells are Gram-reaction-negative, aerobic, non-sporeforming, slightly curved rods that are non-motile. Catalase-negative and oxidase-positive. The predominant quinone is Q-8. The predominant cellular fatty acids (.10 %) are iso-C 15 : 0 , iso-C 16 : 0 and C 16 : 1 v7c and/or C 16 : 1 v6c (summed feature 3). Spermidine is the major polyamine in addition to minor amounts of putrescine. The polar lipid profile consists of PE, PME, DPG, PG, APL1-2 and PL1-4. The genus is affiliated to the family Xanthomonadaceae, class Gammaproteobacteria. The type species is Chiayiivirga flava.
Description of Chiayiivirga flava sp. nov.
Chiayiivirga flava (fla9va. L. fem. adj. flava yellow, the colour of colonies or pigments that the bacterium produces).
In addition to sharing the features given in the genus description, the species has the following characteristics. After 3-5 days of incubation on NA at 30 u C, colonies are round, yellow-pigmented, 1.8-2.3 mm in diameter with entire margins. Cells are 2.0-2.2 mm long and 0.30 mm in diameter. The optimal growth temperature is 30 u C. Growth occurs at pH 6.0-8.0 (optimum pH 7.0) and NaCl concentrations up to 2 % (w/v). Haem, casein, gelatin and starch can be hydrolysed, but not cellulose. Nitrate is not reduced. Positive for alkaline and acid phosphatases, butyrate and caprylate esterases, leucine arylamidase, achymotrypsin and naphthol-AS-BI-phosphohydrolase. Negative for myristate lipase, valine and cystine arylamidases, trypsin, a-chymotrypsin, gelatinase, a-and bgalactosidase, b-glucuronidase, a-and b-glucosidases (or aesculin hydrolysis), N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, tryptophanase (indole production from tryptophan), arginine dihydrolase and urease. The organism can utilize a-cyclodextrin, dextrin, Tweens 40 and 80, methyl esters of pyruvic acid and succinic acid, bhydroxybutyric acid, a-ketobutyric acid, a-ketoglutaric acid and a-ketovaleric acid as sole carbon sources. The following substrates are not assimilated: D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. 
